This paper deals with simple or traumatic tenosynovitis as distinct from pyogenic or granulomatous affections of the tendon sheaths. Literature on the subject in this country is scanty, and lacking in a clear understanding of the underlying pathology, for although in the pyogenic group a true infection of the tendon sheath is present, this is not always so in simple tenosynovitis, and it is unfortunate that the nomenclature of each should remain the same. Although true tenosynovitis may occur in other regions, the one most commonly affected in simple " tenosynovitis " is the dorsum of the forearm proximal to the wrist joint. Standard works on surgery continue to refer to it as " tenosynovitis", but as the lesion responsible is well above the upper limit of the tendon sheaths themselves, we would prefer the name " peritendinitis crepitans" as being more truly descriptive.
Tenosynovitis is a well known cause of industrial disability, but, except in the mining community, its occupational significance has never been fully appreciated. In certain circumstances, its incidence may be high as during the war years when many people, recruited for work in factories for the first time, were engaged in unaccustomed tasks involving speed and intensity of effort (Reed and Harcourt, 1943; Blood, 1942) . Tenosynvotis, however, is by no means confined to factory workers. It has been reported among agricultural workers and others (Pozner, 1942; Flowerdew and Bode, 1942; Taylor-Jones, 1942) . The present study is concerned mainly with the condition as it affects the wrist and forearm of the manual worker in industry (peritendinitis crepitans), but an additional series of true tenosynovitis cases involving tendon sheaths in other situations is also considered. If it is not diagnosed and treated -promptly, tenosynovitis can cause much needless absenteeism and continuing disability, and at one factory (Vauxhall Motors) employing 12,000 persons medical records in the past show that about 40 cases occur annually, with an average absence of 21 days.
History of Tenosynovitis
Tenosynovitis appears to have been first observed by Velpeau in 1818 and was later described by him in his Anatomie Chirurgicale published in 1825. He anticipated plaster immobilization, using a starched crinoline bandage, and, in his book published in 1841, he quoted Boyer who noted that the lesion lay outside the tendon sheath itself, and named it cellulite peritendineuse. Troell (1918) , confirmed these observations and suggested the name peritendinitis crepitans ", citing areas such as the tendo Achillis and triceps brachii where tenosynovitis occurs but in which no tendon sheath is present. Obolenskaja and Goljanitzki (1927) , in a clinical and experimental study, observed 189 cases at a Moscow factory, and they quote Schugajew and Bachrach who noted the incidence of tenosynovitis among tea and tobacco packers at Jaraslaw where repetition movements using a stamping mallet precipitated the condition in the radial extensors and abductors of the wrist and thumb. Moritsch and Blau (1931) produced local inflammatory changes in the tendo Achillis of a rabbit which had been exhausted by faradic stimulation after inoculation with typhoid vaccine and virulent streptococci. This led them to postulate a metastatic theory of origin in support of Felsenreich 150 TENOS YNO VITIS IN INDUSTR Y (1928) , who noted the incidence of tenosynovitis after exertion following an acute or chronic infection. Biopsy seems to have been performed first by von Frisch (1909) and later by Hauck (1924) Conn (1931) in the rubber industry, where high speed stereotyped operations involving intensity of effort were necessary; the incidence was affected by economic factors, rising to 0 99% during the period of economic stress in 1930 and falling to 0-15% when there was full employment. Bunnell (1944) mentions trauma, over-use, and unaccustomed work as the chief causes of tenosynovitis. He refers to an oedematous inflammatory swelling with petechiae of the tendon and its sheath, greatest at the musculo-tendinous junction and extending up into the muscle itself, which may show tears and fibrinous deposits. Sporting activities involving the tendons about the wrist are mentioned as causes by Handfield-Jones (1946) and Heald (1931) , the latter pointing out that crepitus is not a constant sign and that the maximum area of swelling and discomfort is well above the tendon sheath itself on the back of the forearm and extending right up into the muscle bellies. Zollinger (1927) studied figures from 929 cases reported to a Swiss insurance company, and stressed the importance of persistent strain rather than trauma as a cause. Only 2% were due to contusions. Rhodes (1947) was impressed with the effect of gripping, jolting, and vibration movements as precipitating causes, and both he and Zollinger (1927) considered that repeated attacks tend towards a tuberculous infection. Cohen and Reid (1935) mentioned gout in the aetiology, and published a series of seven relapsing or recurrent cases of tenosynovitis in which oxaluria, calculus, or gravel was a constant finding. All failed to respond to treatment until placed on an oxalate-free diet in combination with pulv. borocitratis magnesii co. in drachm doses twice daily. They were inclined to the view expressed by Conn (1931) and supported by Hammer (1934), and Kulowski (1936) Four hundred and ninety were men, 307 of whom were employed in one factory; the remainder, from various sources, were seen in the out-patient department of the Luton and Dunstable Hospital. Those in the factory, most of whom remained at work, were observed in more detail than the hospital cases.
The annual incidence for the combined series is shown in Fig. 1 . The abrupt rise after 1945 coincides with a rising intake of new employees in the factory.
Site of the Lesion The tendons most frequently affected were the radial extensors of the wrist (extensor carpi radialis longior and brevior) and the abductor pollicis longus or extensor pollicis brevis, either alone or in combination. This is the common lesion found among factory workers, accounting for 419, or 77%, of the whole series. In five, the condition was bilateral. Although usually referred to as tenosynovitis of the wrist, this condition is not associated with a lesion in the tendon sheath itself but is a true crepitating peritendinitis involving structures higher up in the forearm.
The other cases (125) actually involved tendon sheaths and will be considered subsequently. Details of the site of the lesion in both groups are given in Table A of the Appendix. Aetiology Five main factors appear to be concerned in the aetiology of both groups. In order of frequency these are (1) some occupational change necessitating unaccustomed work (144 cases), (2) a return to work after absence (114 cases), (3) local " strain " either repetitive or a single " strain" (79 cases), (4) direct local blunt trauma (76 cases), (5) Table B ). Occupational change accounted for over a quarter of the cases and these fell into four categories. In order of frequency these were a change of job in an old employee, new employees undertaking repetitive work for the first time, ex-Service men returning to civilian work in a factory, and sporting activities. Resumption of work after absence provided 20% of the total, and arose from three sources; (1) holiday absence, (2) be repeated, but in addition to local aching, pain, swelling, tenderness, and crepitus aggravated by pressure or movement, there may be weakness of the muscle-tendon mechanism. Local redness and heat without pyrexia were observed in a few cases, but we have, not been able to confirm the often quoted statement that numbness' and a burning pain due to nerve pressure occur in the finger 'tips. We agree that in early cases symptoms may be present without overt signs, but, in our experience, when once the latter have developed, they cannot be " worked off" as suggested by Bunnell (1944) . The swelling is fusiform in shape, 4-12 cm. proximal to the radial styloid on the back of the forearm and well above the upper limit of the tendon sheaths at the wrist. This coincides with the musculotendinous junction where indeed the actual site of the lesion appears to be, the tenderness extending well up the forearm into the muscle bellies in some cases.
Crepitus is both palpable and readily audible by stethoscope in doubtful cases and may extend up the forearm as far as the common extensor origin. In character it has been likened to the crunching sound of dry snow or to the creaking of a wash leather. Reproduced on a sound amplifier, the noise resembles the passage of a saw through a thin piece of wood, contraction of the muscle causing a higher pitched note than relaxation. (Fig. 2) . Daily observation during recovery revealed that the local effusion and tenderness persisted for a variable period after crepitus had subsided, although the latter did not disappear with the development of an effusion. A relapse with recurrence of signs and symptoms shortly after terminating treatment occurred in 93 cases, while 20 (5%) developed second attacks some months or years later, six of these being in the same and 14 in different situations.
Pathology Biopsy, in a bloodless field using general anaesthesia, was performed in five cases during the acute stage when the typical signs and symptoms were well in evidence. The findings were as follows: Case 1.-A man of 38 employed as a press operator. The cause was unknown. There was no history of trauma and no aetiological factor other than repetitive movement. The abductor pollicis longus, extensor pollicis brevis, and radial extensors at the wrist were involved. Crepitus was well marked over a typical fusiform swelling on the back of the forearm 3 in. above the radial styloid. Biopsy was performed on the fourth day through an incision 1 in. long over the area of maximum swelling and tenderness in the region of the musculo-tendinous junction. This revealed oedema with excess of clear free fluid in the subcutaneous tissues. The deep fascia was thickened, and on incising this the subjacent structures bulged through.' The perimysium and peritenon were seen to be oedematous and showed dilated blood vessels, and on incision free, serous, straw-coloured fluid collected in the wound. The muscle itself was dark and oedematous but no tears were seen. The adjacent tendons were normal to the naked eye, but as the incision was well above the tendon sheaths at the wrist, the latter were not examined. Portions of the perimysium, peritenon, and muscle at the musculo-tendinous junction corresponding to the area of maximum pain and crepitus were sent for section. The patient was subsequently treated in a dorsal perspex splint for 11 days with complete resolution.
The histological report was as follows " Microscopically the fragment consists of striped muscle and overlying connective7 tissue. The latter appears oedematous and the vessels prominent and dilated; a scanty cellular infiltrate is present consisting mainly of histiocytes with a few plasma cells and lymphocytes. The muscle appears normal." Case 2.-The onset followed unaccustomed work in a man aged 34 who had recently been transferred to work involving hammering up to 800 nails a day. He. developed tenosynovitis of the radial extensors of his right wrist and thumb and showed a well marked, red, oedematous swelling in the usual situation on the back of the forearm. Crepitus could not be felt but was heard by stethoscope. Biopsy was performed on the fourth day through an incision 12 in. long over the musculo-tendinousjunction. The abductor pollicis longus was most severely involved. The subcutaneous tissue was normal, but the deep fascia was bluish-grey without increased vascularity. On incision of the deep fascia, the underlying tissues did not bulge through but there was a small collection of free, clear fluid. There was a sticky fibrinous deposit between the muscle of the abductor pollicis longus and the deep fascia and between the two short muscles of the thumb. The paratenon of the underlying radial extensors appeared normal to the naked eye, as did the tendon and musculo-tendinous junction of the extensor carpi radialis brevior. Specimens of the musculo-tendinous junction from the abductor pollicis longus and of paratenon from the radial extensors were taken for examination. The patient was subsequently treated in a perspex splint for eight days and made an uninterrupted recovery.
The histological report was as follows: " Microscopically the musculo-tendinous junction shows no significant abnormality, and the fragment consists of loose connective tissue which is remarkably vascularized but otherwise normal." Case 3.-A process foreman 41 years of age developed tenosynovitis of the extensor carpi radialis longior and brevior and of the abductor pollicis longus. The cause was unknown. Biopsy was performed on the fourteenth day, the tendon sheaths being normal in appearance. Portions of the synovial sheath and tendon showed no significant abnormality.
Case 4.-A machine operator aged 36 doing repetition work. The onset was four days after the patient had resumed work after an attack of fibrositis. The abductor pollicis longus and the extensor pollicis brevis were involved together with the radial extensors at the wrist, presenting classical signs of five days' duration. Biopsy was performed on the seventh day. A 2-in. incision centred over the point of maximum tenderness revealed normal skin and subcutaneous tissue. The deep fascia was thickened to 4 in. and was oedematous, and crepitations could still be felt through it. Incision of the deep fascia revealed thickening and oedema of the paratenon over the abductor pollicis longus. There was a shiny fibrinous exudate between the paratenon of the abductor pollicis longus and the extensor carpi radialis longior and brevior.
Pieces of deep fascia, paratenon, and the musculotendindus junction of the abductor pollicis longus were sent for section. The tendons of the extensor carpi radialis longior and brevior appeared normal. The pathologist's report was as follows:
" Microscopically the fragments of deep fascia consist of loose, rather vascular connective tissue showing no significant abnormality, and that of paratenon is composed of loose connective tissue including a number of widely separated bundles of muscle fibres. The section of the musculo-tendinous junction consists of muscle and tendon, together with the paratenon and shows a marked increase in cellularity due to actively proliferating fibroblasts."
TENOS YNO VITIS IN INDUSTRY
The local lesion in peritendinitis crepitans is certainly not in the tendon sheath or tendon itself, but at the musculo-tendinous junction well above the upper limit of the tendon sheath at the wrist. Fibrinous deposit or extravasation of blood, so often quoted as the cause of crepitus, was found in two cases, but the underlying mechanism of this sign is not clear to us. Muscle fatigue and weakness may be present, and is probably caused by pain, but we have had no opportunity of exploring a case due to " strain " or of confirming the existence of a muscle tear. Treatment The different methods of treatment used were plaster immobilization, perspex splinting, strapping, physiotherapy, and local support with or without external applications to the skin. In many instances, a combination of these methods was used. Until 1946, plaster immobilization for three weeks, using either a dorsal slab or an unpadded scaphoid type of plaster which included the thumb, was the usual method of treatment. This was later replaced by partial immobilization by strapping carried well up the forearm with the wrist in extension in conjunction with short-wave therapy, and finally by perspex splinting to the wrist and thumb, either alone or combined with short-wave therapy. The last two methods were evolved as a result of industrial experience, and yielded better results. With the exception of 46 patients (10-9%) who ceased work, routine follow-up examinations were carried out wherever possible, and in calculating the relapse rate and the incidence of second attacks, some allowance must be made for the fact that 139, or 33% were given selected work while under treatment.
By " relapse " is meant a recurrence of signs and symptoms occurring shortly after cessation of treatment. The " lag period", or number of days elapsing between the onset of symptoms and the beginning of treatment, was recorded in an endeavour to correlate this factor with prognosis and methods of treatment.
Immobilization in an unpadded plaster of Paris splint for three weeks is a common method of treatment for tenosynovitis at the wrist. The plaster should include the thumb because of the frequency with which the abductors and extensors to the thumb are involved. When only a dorsal slab was applied, we had many failures. For the manual worker plaster possesses certain disadvantages, because the use of the thumb is too restricted, the gripping power is limited, and contact with oil, water, and wet processes generally is not possible. In the factory series, 25-5% of patients so treated had to cease work for an average period of 26-4 days, and of those who were able to remain, 74%. required some selected occupation for between four and five weeks. On an average, immobilization was found to be necessary for four weeks because the relapse rate on routine removal of the plaster on the twenty-first day proved to be disappointingly high, and, in the factory series, was 44%. Relapses usually occurred between-the third and the ninth days. Bunnell (1944) warns against prolonged immobilization which leads to the formation of adhesions. He advises that movements be carried out daily through a full range after the first week or two in plaster. Reed and Harcourt (1943) practised this method in their series, the plaster being removed every second day for passive movements and diathermy. Their average disability period was 15 days, although in 14 of their 62 cases this continued for an average of 39 days.
As vith other methods of treatment, there was no relationship between the lag period before beginning treatment and the recovery rate in days, which suggests that delay in obtaining treatment does not influence the prognosis adversely.
The results in a small series of cases (11) treated with simple strapping were distinctly better in every way, with one relapse and an average recovery period of 20 days. Most of these cases, however, occurred among the hospital group and had already received some preliminary treatment elsewhere so that these results must be accepted with reservation. Nevertheless, they suggest that incomplete immobilization is an advantage rather than a disadvantage in treatment. A further series of 83 patients treated by short wave therapy in combination with strapping showed a relapse rate of 13%, but resolution was more rapid, averaging 13-4 days. Only one of these patients lost time away from work, although 47% required selected work for an average of 15 days.
Perspex splinting, either alone or in conjunction with short wave therapy, was employed in 116 cases and proved to be the most effective of all methods used, yielding a combined relapse rate of 6% and an average recovery period of just over 12 days. The splint was easily removed, and allowed daily examination, active or passive movements, and short wave therapy. The necessity for selected work was reduced to a minimum because the plastic material is light in weight, clean, impervious to oil and water, and can be used repeatedly, being remoulded to fit each successive patient. The splint (see Figs. 3 , 4, and 5), which is easily made from blank shapes cut from i in. thick perspex sheeting, is bent under heat using a naked oxy-acetylene flame or an electric oven, and is moulded accurately to the patient's forearm, wrist, and thumb with the group.bmj.com on October 19, 2017 -Published by http://oem.bmj.com/ Downloaded from latter in the half-abducted position. It is secured to the forearm and hand by straps and is perforated for lightness and ventilation.
Twenty of the more severe factory cases were treated by perspex splinting and short wave therapy. The relapse rate was 11% and the average recovery period 14-2 days. Selected work was necessary for 15 of the patients. Contrary to the view expressed by Howard (1937) , we are of opinion that short wave or other methods of local heat therapy have a definite place in treatment, in particular in the more resistant and severe forms of crepitating peritendinitis, provided that immobilization is employed but is not prolonged and absolute.
The 64 factory cases treated while at work with perspex splinting alone or in combination with early full range movements of the wrist and thumb every other day, recovered on an average in 10-5 days with a relapse rate of 6-2%, selected work being necessary for 21 (33%). The 31 hospital out-patient cases treated by -initial immobilization in a perspex splint for eight days before beginning movement, took 15 days to recover with a relapse rate of 3%. This suggests that daily full range movements started early are an advantage in treatment.
Simple Tenosynovitis Involving Tendon Sheaths Only
One hundred and twenty-five patients were observed. Among 66 of these cases the extensors of the fingers, either singly (commonly the extensor indicis proprius), or more than one (extensor communis digitorum) were involved. The tibialis anticus was affected in 21 cases, only two occurring in factory workers, and the peroneal tendons in 10, all of whicb were hospital out-patients. Case 1.-The patient was a man aged 21 employed as a polisher. The onset was due to trauma following a blow over the back of the hand. He developed tenosynovitis of the extensor communis digitorum of the right middle finger, with well marked crepitus and swelling the day after injury. An incision 1 in. long was made over the site of the lesion on the dorsum of the hand on the second day. The skin was bruised, and the subcutaneous tissue and paratenon were oedematous with increased vascularity and an excess of straw-coloured fluid in the wound. The underlying tendon was normal in appearance and no blood was seen either in the tendon sheath or in the region of the paratenon. There was bruising of subcutaneous tissue over the interossei and of the interossei themselves. Portions of the paratenon and tissue adjacent to the interosseus muscle were sent for section, and the patient was treated by perspex splinting for 10 days and recovered uneventfully.
The histological report was as follows " The fragment of paratenon consists of vascularized and congested loose connective tissue. Scattered throughout are numerous large swollen histiocytes together with a few plasma cells and lymphocytes which are most marked in relation to the vessels. The fragment of tissue adjacent to the interosseus muscle consists of vascularized and congested loose connective tissue with a similar but less marked infiltrate to the above."
The methods of treatment employed were similar to those described for peritendinitis crepitans and the results are summarized in Table C The literature on tenosynovitis has been reviewed, and the pathology discussed. In five patients a biopsy was performed.
The term " tenosynovitis" applied to the usual crepitating condition found proximal to the wrist joint is a misnomer. The actual site of the lesion is well above the upper limit of the tendon sheaths at the wrist which are unaffected, the local pathology suggesting that it is essentially a peri-myotendinitis involving the musculo-tendinous junction higher up in the forearm. It is suggested that " peritendinitis crepitans " or " peri-myotendinitis crepitans " is a more accurate description for this condition and should replace the name tenosynovitis. In other situations, however, true tenosynovitis may be precipitated by local trauma or other agencies, the lesion in this event being dependent upon the presence of a tendon sheath in situ.
The pathology, which is obscure, is not related to local anatomical peculiarities and appears to be an inflammatory response to strain in particular groups of muscles, tending to occur in certain susceptible individuals. The prognosis is good, and during treatment cessation from work is neither desirable nor necessary. Rigid immobilization in plaster of Paris is contraindicated, and is associated with a high relapse rate. Where the lesion is situated proximal to the wrist, as in peritendinitis crepitans, treatment by immobilization should always include the thumb because of the frequency with which the latter is involved. This is best effected by means of a detachable perspex splint which permits very slight movement within the splint and will allow early passive movements 
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